The reactions of trimethyl-and triethylaluminium with 2-hydroxybenzyl alcohol and 2-hydroxyphenethyl alcohol as the bidentate ligands have been studied. The reactions at AlR 3 :diol molar ratio of 3:2 proceeded with the formation of cyclic complexes 2, 3 and 4 demonstrated trans and cis ligand geometry and organoaluminium oligomers which are amorphous solids insoluble in common organic solvents. In the case of the reaction of 2-hydroxybenzyl alcohol with trimethylaluminium the reaction course, products and yield depend on the solvent. In diethyl ether one isomer 2-trans was obtained exclusively. In toluene the reaction proceeds giving two isomers 2-trans and 2-cis.
It appears from our previous studies [1] [2] [3] [4] [5] that trimethyl-and triethylaluminium react with 1,4-butanedioI and 1,3-pentanediol derivatives in a molar ratio A1R 3 : diol = 3:2 or higher to form complexes of structure 1 and organoaluminium oligomeric products. The distance between the reacting hydroxyl groups of the diol is the factor decisive of the yield of complexes 1. cis-l,4-But-2-ene-diol derivatives form type 1 complexes in high yield, since the cisstructure of the diols facilitates the approach of the OH groups and formation of two A10CC=CC0 rings [1] [2] [3] .
In the case of sterically hindered aliphatic diols the substituents have a decisive influence on the rotation around the C-C bonds causing steric hindrances and preventing proper location of hydroxy! groups or situating them close to each other [5] ,
The complexes of a similar structure 1, where R = Me, Et, i-Bu, obtained in the reaction of trialkylaluminium with N,N'-bis(ohydroxybenzyl)-diamines were reported by Atwood et al. [6, 7] , In the present work the reactions of trialkylaluminium with 2-hydroxybenzyl alcohol and 2-hydroxyphenethyl alcohol as the bidentate ligands have been studied. Each alcohol possesses two hydroxyl groups differing in electron density on the oxygen atom: the OH group of an aliphatic alcohol and of a phenolic OH group.
Results
The reactions of 2-hydroxybenzyl alcohol and 2-hydroxyphenethyl alcohol with trimethyl-and triethylaluminium at a A1R 3 : diol molar ratio of 3:2 proceeded with the formation of cyclic products 2, 3, 4 and organoaluminium oligomers which are amorphous solids insoluble in common organic solvents.
2-Hydroxybenzyl alcohol reacted with trimethylaluminium in diethyl ether to form one cyclic isomer 2-trans in 5% yield (eq. 1). The product 2-trans, volatile amorphous solid soluble in common organic solvents, isolated from the post-reaction mixture by sublimation (T = 140 °C, ρ = 10 -3 Torr) exhibited a trans ligand geometry. This is the first example of the reaction of trialkylaluminium with unsymetrical diols, in which one isomer is formed exclusively. It was previously found that cis-2-[methylbis(trimethylsiloxy)silyl]but-2-ene-l,4-diol, 1,3-butanediol and 2-methyl-2,4-pentanediol reacted with trialkylaluminium yielding an equimolar mixture of isomers [2, 4, 5] ,
The structure of complex 2-trans was determined by spectroscopic methods, elemental analysis and molecular weight measurements. The Ή NMR spectrum of 2-trans revealed two doublets of CH 2 0 protons and three singlets of the protons of methyl groups bonded to aluminium (see Experimental). The integration ratio of three singlets assigned to the protons of methyl groups was 2:2:1. The first two of these signals were assigned to four methyl groups bonded to two four-coordinated aluminium atoms and the signal at -0.62 ppm corresponded to one methyl group bonded to the central five-coordinated aluminium atom. A1 NMR spectrum which confirmed the existence of two kinds of aluminium atoms (four-and five-coordinated).
Introduction
The association degree of 2-trans calculated on the basis of molecular weight measurements was 1.0.
eq. 1
diethyl ether from -78 S C to 20 S C
-trans
The same reaction of trimethylaluminium with 2-hydroxybenzyl alcohol carried out in toluene instead of ether proceeded with the formation of two cyclic isomers, 2-trans and 2-cis and evolution of 99% of the theoretical amount of methane (eq. 2).
eq. 2
Vs OH + 3M%AI -4MeH toluene from -78 S C to 20 S C
-trans
Cht-c/y^o-a-fe
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-cis
The mixture of 2-trans and 2-cis was distilled off from the post-reaction mixture (T=140°C, ρ = 10
Torr) in 76 % yield. The Ή and l3 C NMR spectra of the products showed additional signals of the isomer 2-cis besides the signals characteristic for 2-trans. In the Ή NMR spectrum two doublets of CH 2 0 groups of isomer 2-trans and two deformed doublets of CH 2 0 protons of isomers 2-cis were present. Five new singlets of Al-CH 3 groups of 2-cis appeared besides the three singlets of A1-CH 3 groups of 2-trans (see Experimental).
In the 13 C NMR spectrum the two signals at 64.30 ppm and 63.82 ppm were assigned to the CHjO groups of 2-trans and 2-cis, respectively.
We calculated, on the basis of the integration of the CH 2 0 signals 2-trans : 2-cis in the Ή NMR spectrum that the post reaction mixture contained 57 % of isomer 2-trans and 43 % of 2-cis. Isomer 2-cis was separated by crystallisation from the cold solution of two isomers in hexane. However, the crystalline complex 2-cis appeared to be thermodynamically unfavoured and it decomposed slowly to the amorphic 2-trans. We observed that after five month the ratio of 2-trans : 2-cis in toluene changed from 57:43 to 66:34.
Triethylaluminium reacted with 2-hydroxybenzyl alcohol in diethyl ether yielding a mixture of 3-trans and 3-cis in about 30 % yield (eq. 3). On the other hand, it was mentioned above that trimethylaluminium reacts with the same diol in diethyl ether giving the 2-trans isomer exclusively. 
eq-4

-cis
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The mixture of the isomers was distilled off from the post reaction mixture (T = 160°C, ρ = 10 -3 Torr) as a colourless viscous liquid. The structure of the complexes was determined by means of Ή, 13 C and 27 A1 NMR spectroscopy. The post reaction mixture contained 63 % of 3-cis and 37 % of 3-trans. Unfortunately, diethyl ether appeared to be unremovable under vacuum and this caused that it was impossible to carry out exact measurements of molecular weight and contents of aluminium and methyl groups.
The above reaction in toluene proceeded with the formation of a mixture of the isomers 3-cis and 3-trans in 58 % yield. The structure of the isomers isolated by distillation (T = 160 °C, ρ = 10 -3 Torr) was established by means of NMR spectroscopy, molecular weight measurements and analysis (see Experimental).
The Ή NMR spectrum of 3 revealed two doublets of methylene protons CH 2 0 at 4.59 and 4.87 ppm assigned to 3-trans and two degenerated doublets at 4.62 and 4.67 ppm of CH,0 groups of 3-cis.
The ratio of 3-trans : 3-cis calculated on the basis of the integration of methylene groups signals was 66:34.
The reaction of trimethylaluminium with 2-hydroxyphenethyl alcohol as another diol possessing two different hydroxyl groups proceeded with the formation of a mixture of isomers 4-cis and 4-trans. The reaction was carried out in diethyl ether and the solid product containing two isomers was isolated in 76 % yield (eq. 4). The Ή NMR spectrum of the mixture of isomers showed three singlets at -0.38, -0.52 and -0.59 ppm of A1-CH 3 groups of 4-trans with the integration ratio of 2:2:1 and five singlets with identical integration of methyl groups bonded to aluminium of 4-cis.
2-trans
M / \| e The 13 C NMR spectrum consisted of two signals of CH 2 0 and two signals of QH^l·^, which is in agreement with the proposed structure of the isomers.
Two broad signals at 159 ppm and 69 ppm were present in the 27 A1 NMR spectrum. The first signal appeared in the region characteristic for four-coordinated aluminium and the signal at 69 ppm in the region characteristic for five-coordinated aluminium atoms.
The association degree of 4 calculated on the basis of molecular weight measurement was 0.95. It was observed that complexes 2, 3 and 4 reacted slowly with Lewis bases such as diethyl ether and 1,4-dioxane giving disproportionation products: a white amorphous solid insoluble in common organic solvents and a complex of simple organoaluminium compounds with Lewis bases. The study on the disproportionation will be continued and the results will be published soon.
Discussion
As described in the previous papers [2, 4, 5] , trialkylaluminiums react with asymmetrical diols giving equimolar mixtures of the isomers independently on the solvents. It was observed in this work that in the case of the reaction of 2-hydroxybenzyl alcohol with trimethylaluminium the solvent had a decisive influence on the reaction course, products and yield. In diethyl ether the reaction proceeded with the formation of the isomer 2-trans exclusively. In toluene 2-trans and 2-cis isomers were obtained.
The reaction course leading to the formation of 2-trans is proposed in Scheme 1.
2-Hydroxybenzyl alcohol reacts with trimethylaluminium in diethyl ether with the formation of two intermediates
A and B, similarly as described previously [2, 4, 5] for the reactions of diols with trialkylaluminium. It seems probable that the diethyl ether molecule is complexed to one aluminium atom of complex A as a result of the low electron density on the phenolic oxygen. The presence of the complexed molecule of Et,0 causes steric hindrances and plays an important role in the formation of the sole isomer. The A and Β intermediate products can stabilise by association only in one way, due to steric hindrances, as shown in Scheme 1. This is the reason why only the 2-trans isomer is formed.
On the other hand, triethylaluminium reacts with 2-hydroxybenzyl alcohol in diethyl ether yielding a mixture of 3-trans and 3-cis isomers. Unfortunately, we can not explain why the replacement of trimethylaluminium by triethylaluminium changes completely the reaction course.
It seems that the intramolecular hydrogen bond in diols can influence the reaction course with trimethylaluminium. The IR spectrum of 2-hydroxyphenethyl alcohol showed two bands at 3632 cm -1 and 3360 cm" 1 which were assigned to the vibration of free OH groups and OH intermolecular hydrogen bonds, respectively. This means that the alcohol does not form intramolecular hydrogen bonds. As described above, 2-hydroxyphenethyl alcohol reacted with trimethylaluminium in diethyl ether to yield two isomers: 4-cis and 4-trans. In the IR spectrum of 2-hydroxybenzyl alcohol the additional band at 3460 cm -1 appeared due to the presence of the intramolecular hydrogen bond in the alcohol molecule (see Experimental). 2-Hydroxybenzyl alcohol gave with trimethylaluminium only the 2-trans isomer.
In conclusion, 2-hydroxybenzyl alcohol and 2-hydroxyphenethyl alcohol react with trialkylaluminium to form cyclic complexes 2, 3 and 4 which demonstrated trans and cis ligand geometry. In the case of the reaction of 2-hydroxybenzyl alcohol with trimethylaluminium the reaction course, products and yield depend on the solvent. In diethyl ether one isomer 2-trans was obtained exclusively due to the possibility of complexation of one Et 2 0 molecule by the intermediate product. In toluene the reaction proceeds giving two isomers, 2-trans and 2-cis because, due to steric hindrances, the intermediate complex does not possess a complexed Et 2 0 molecule. In our opinion the presence of the intramolecular hydrogen bond in diols can influence the reaction with trimethylaluminium.
Experimental
All operations were carried out using standard Schlenk techniques in anhydrous solvents under an inert gas atmosphere. Ή NMR spectra were recorded with Varian VXR 300 spectrometer, at 299.9 MHz. Chemical shifts were referenced to the residual proton signal of C 6 D 6 (7.15 ppm).
I3 C NMR spectra were run on the same instrument at 75.4 MHz (standard, benzene 13 CC 5 D 6 , 128 ppm).
27
A1 spectra were run at 78.2 MHz (standard, Al(acac) 3 0.0 ppm). The molecular weight of the complexes was determined cryoscopically in benzene. 
Reaction of 2-hydroxybenzyl alcohol with AlMe 3 (2:3) in toluene.
The reaction was carried out as described above using 1.786 g (24.8 mmol) of AlMe 3 , 2.050 g (16.5 mmol) of diol and 50 cm 3 The crystals from the first crystallisation were unsuitable for X-ray measurement. The second crystallisation caused the decomposition of 2-cis to the noncrystalline isomer 2-trans.
Reaction of 2-hydroxybenzyl alcohol with AlEt 3 (2:3) in diethyl ether.
The reaction was carried out as described in 1. using 1.825 g (14.7 mmol) of 2-hydroxybenzyl alcohol and 2.588 g (22. 
Reaction of 2-hydroxybenzyl alcohol with AlEt 3 (2:3) in toluene.
The reaction was carried out as described in 1. 
Reaction of 2-hydroxyphenethyl alcohol with AlMe 3 (2:3) in diethyl ether.
The reaction was carried out as described in 1. using 1.422 g (10.3 mmol) of 2-hydroxyphenethyl alcohol, 1.116 g (15. 
